Biological pacemaker engineered by nonviral gene transfer in a mouse model of complete atrioventricular block.
We hypothesized that a nonviral gene delivery of the hyperpolarization-activated HCN2 channel combined with the beta(2)-adrenergic receptor (ADRB2) would generate a functional pacemaker in a mouse model of complete atrioventricular block (CAVB) induced by radiofrequency ablation of the His bundle. Plasmids encoding HCN2 and ADRB2 mixed with tetronic 304, a poloxamine block copolymer, were injected in the left ventricular free wall (HCN2-ADRB2 mice). Sham mice received a noncoding plasmid. CAVB was induced 5 days later. Ventricular escape rhythms in HCN2-ADRB2 mice were significantly faster than in sham mice at day 15 after ablation and later. In HCN2-ADRB2 mice, QRS complexes were larger than in sham mice and characterized by abnormal axes. Immunostaining of GFP-HCN2 fusion protein showed an expression of HCN2 channel in left ventricular myocardium for at least 45 days after injection. In the mouse, CAVB induces progressive hypertrophy and heart failure leading to 50% mortality after 110 days. HCN2-ADRB2 mice survived 3 weeks longer than sham mice. Finally, beta-adrenergic input increased ventricular escape rhythms significantly more in HCN2-ADRB2 mice than in sham mice. In conclusion, nonviral gene transfer can produce a functional cardiac biological pacemaker regulated by sympathetic input, which improves life expectancy in a mouse model of CAVB.